Radar observations of ion velocities in the magnetic zenith over Chatanika, Alaska, were used to determine the geomagnetic meridional component of the thermospheric neutral wind. Corrections for molecular diffusion and molecular ion contamination of the pure O + composition assumed for the ionosphere were included in the analysis. Comparison of the averaged diurnal variation of the meridional wind showed good agreement between the two measurement techniques. Good agreement was also found for several cases of simultaneous observations. The evidence suggested that differences were caused by gravity waves. The 7 years of radar meridional wind results were examined with respect to magnetic activity, solar cycle phase, and season. During the day, the meridional component is poleward with a maximum of about 65 m/s between 1400 and 1600 local time. During the night, the wind is equatorward with a maximum of about 175 m/s between 0200 and 0500 local time. This maximum occurs after local magnetic midnight, which is about 0130 local time. When the neutral wind is averaged for 24 hours, there is a large net equatorward flow. During periods of increased magnetic activity, the nighttime wind between 2300 and 0600 local time becomes stronger toward the equator. The average increase between 0200 and 0600 local time is about 100 m/s; however, on individual days it can be as large as 400 m/s. These data pertain mostly to equinox, but the few summer and winter observations in the data set differ in the manner predicted by theory. Comparison of these results with theoretical models shows good agreement at most times, but suggests possible heating poleward of Chatanika during the morning hours. Observed exospheric temperature increases support this hypothesis.
INTRODUCTION
The early models describing transport in the earth's thermosphere predicted the neutral winds would be driven by a pressure gradient directed away from the daytime pressure bulge [ 1982, 1983] reflect the revisions of the early understanding of thermospheric dynamics that have emerged once the importance of high latitude heating and momentum transfer from ions in motion to the neutral atmosphere in the dynamics of the high latitude thermosphere became known. The reviews by Straus [1978] , Mayr et al. [1978] , Mayr and Harris [1979] , Hernandez and Roble [1979] , and provide further details on the reworking of the theoretical framework.
The measurements of thermospheric winds by instrumentation on board the Dynamics Explorer B satellite [Hoffman and In the appendix, we present the theory for the analysis of the radar data that derives the geomagnetic meridional component of the neutral wind from the measured field-aligned ion velocity. The averaged results obtained from measurements taken between 1971 and 1978 are compared with the averaged Fabry-Perot data. In addition, cases of simultaneous observations are examined. Both means of comparison showed good agreement between the two different techniques. Components of the two data sets in regard to magnetic activity and season were found similar. We, then, examine the more extensive radar data base for variations caused by changes in magnetic activity, solar cycle phase', and season and compare these results with theoretical model calculations.
DETERMINATION OF THE F REGION MAGNETIC MERIDIONAL COMPONENT FROM INCOHERENT-SCATTER RADAR OBSERVATIONS
The geomagnetic meridional component of the thermospheric neutral wind is determined by the radar from measurements of the Doppler shift of the ion spectrum at several altitudes within the F region. These observations may be made throughout the day and, if the F region electron density is sufficiently high, during the nighttime hours as well. The ions have a component of velocity parallel to the magnetic field because of ion-neutral diffusion and because of collisions with neutrals that have a velocity component toward the south or north in the magnetic meridian, which forces ions up or down the field line, respectively.
A correction of the measured ion velocity for ion diffusion is necessary in these calculations to determine the meridional wind; the theoretical basis is provided in the appendix. For the lower range gates, i.e., from 170 to 280 km, this correction turns out to be small. The other range gates required more substantial adjustments, and the signal-to-noise ratio for these gates is smaller; therefore, they are not included in the meridional wind study at this time.
Because we deal normally with the lower range gates, we have to consider the effect of a mixture of atomic and molecular ions. Fortunately, as discussed in the first subsection of the appendix, the difference in diffusion velocities is small at these low altitudes. The equation used in our analysis is (A14) of the appendix. To the extent possible we apply measured quantities to evaluate the terms in this equation. However, the uncertainties. are such in the temperature measurements available that we find it advantageous to use model temperature profiles.
We also note that in the interest of having good data, we have restricted the data set to those experiments when the radar was pointed toward magnetic zenith for extensive periods of time or to those experiments where one observing position was frequently in this direction. The resultant temporal resolution is between 2 and 10 min.
MEASUREMENTS OF THE MERIDIONAL WIND WITH THE FABRY-PEROT INTERFEROMETER
The application of the Fabry-Perot interferometer (FPI) to the measurement of the line-of-sight speed of the thermosphere was first carried out by Armstron9 [1969] and extended by Hays and Roble [1971b] . This technique has since flourished and the ensuing work has been reviewed by Hernandez and Roble [1979] , Hernandez [1980] , and . The Fabry-Perot neutral wind measurement, although restricted to the nighttime, is more direct in the sense that the line-of-sight speed is inferred from the observed Doppler shift of the 6300-A emission of atomic oxygen, excited by dissociative recombination or by energetic particle precipitation. These results, however, are weighted by the volume emission profile of the source emission along the line of sight, which is usually not known. The lifetime of the oxygen atom is sufficiently long for thermalization [Schmitt et al., 1981 [Schmitt et al., , 1982 curves. To decide whether this good agreement is significant, we need to ascertain that possible differences between the data sets, due to such factors as altitude, magnetic activity, solar cycle phase, and season, are not significant. In Figure 3 , we show mean values for the meridional component based on one-hour averages of the radar data for range gates corresponding to altitudes of 170, 225, and 280 km. The mean curve is determined from these three curves weighted by the number of observations. During the night- We have also divided the data set into two parts and compared the averages for indications of solar cycle effects. No detectable effects were found. Finally, as Table 2 The radar is more sensitive to the vertical component than the Fabry-Perot when the latter is at an elevation angle of 30 ø, which accounts for the discrepancy noted between the two instruments. We believe that a gravity wave caused the enhanced vertical wind as described by Richmond [1978, 1979] . This result will be discussed at greater length in a later paper.
These winds have a characteristic time and altitude behavior that we have identified; we therefore removed these events from the averaged data. Indeed, before we removed these effects from the averaged data, we did not have the good agreement shown in Figure 2 .
Thus, the radar/Fabry-Perot comparisons have proved very useful. They have enabled us to find occasions when the assumption of a purely horizontal wind is not valid. More generally, though, they show good agreement between the two methods. This agreement strengthens our confidence in both techniques and, in particular, enables us to combine measurements from the two techniques. Figure 7 we show the results. As indicated in the previous section, most of the data are from the equinoxes. There is only one summer day, but on that day the wind is approximately 100 m/s stronger to the south than on the other days. This effect is not likely to be caused by magnetic activity because this is the quietest day in the whole data set. Thus, this shift is consistent with the seasonal predictions that arise from a summer-winter pressure gradient caused by greater upper atmospheric temperatures in the summer hemisphere than in the winter hemisphere [Dickinson et al., 1981] .
Slightly more data are available from the winter period. During the day, the data are very similar to the mean data, but during the night, the southward velocities are reduced approximately 100 m/s. Again, this is the same direction as predicted by theory.
COMPARISON WITH THEORETICAL MODELS
In this section we compare our observations to model calculations in order to gain an understanding of the physical processes affecting the measurements and to assess the status of the models. , 1982] , the different behavior may reflect differences in the ion convection pattern or the F region ion concentration. In the evening sector, all three models indicate that with increasing geomagnetic activity the meridional wind is more poleward than otherwise, presumably due to greater ion drag, which has a northward as well as a westward component. The limited high activity data are also poleward of the low activity data in this period.
However, there are some significant differences in behavior. All the theoretical calculations reach their equatorward maximum and turn poleward one to two hours ahead of the observations. It is not obvious whether this discrepancy arises because of coincident geographic and geomagnetic poles in the calculations, or whether there is deeper physical significance. We note that at the equinoxes, magnetic midnight is 1.5 hours after local midnight. Although such a shift of the calculated values to later times would improve the morning comparison, it would damage the evening comparison. Thus, there is a hint that the early morning discrepancy or phase problem may be indicative of something more interesting. Perhaps an additional heat source such as soft particle precipitation is needed in the polar cap, as proposed by Rees et al. [-1980 ]. Certainly, in the late morning and noon sectors, the observed wind is 50 to 100 m/s equatorward of the calculated wind. to the Jacchia model behavior. The exospheric temperature was found -400 only when the electric fields were practically zero.
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During the late morning, under active conditions it is even more equatorward. Since Chatanika is south of the auroral oval at these times, it is possible that this discrepancy arises because of Joule heating as described by Straus [1978] for his high activity curve.
Second, we refer the reader to the paper by Hays et al. [1979] where an attempt is made to fit the 1972 Fabry-Perot data, including the meridional component that we showed in Figure 2 . In addition to the neutral winds, they use the average ion velocities from the radar obtained during February 1972. Initially, Hays et al. used the mass spectrometer/incoherent scatter (MSIS) model to calculate the winds; then they used the MSIS model combined with the averaged ion velocities. In neither case were the calculations particularly close to the observations. When a nighttime heat source was added, agreement was achieved for a neutral temperature distribution that increased during the night in contrast to the decrease shown by all of the models. This type of temperature distribution has on occasion been seen at Chatanika. In Figure 9 , we show the exospheric temperature variation obtained for two sets of days at Chatanika from the radar data. In the top set, the variation follows that of the Jacchia 1971 model (which behaves similarly to the MSIS model) whereas in the other set, the temperature is substantially greater in the early morning than in the late evening and in the model. Thus, it appears that considerable heating can occur poleward of Chatanika during the night and early morning. It may be a poleward extension of the Joule heating described by Baron and Wand [1983] and it might contribute TIME, AST to the morning discrepancy just described in relation to Figure 8 . Thus, from this comparison of observation with theory, it appears that there is a need for both a daytime and a nighttime heat source that would be situated poleward of the auroral region so as to increase the equatorward meridional wind.
INDIVIDUAL CASES
Before we summarize our discussion on the meridional wind, a look at the data from several individual experiments may be instructive. In Figure 10 , we show the wind from a magnetically very quiet day. In Figure 11 , we show the wind from a 36-hour period. During the first 12 hours, the geomagnetic activity is low; during the last 24 hours, it is high. In Figure 12 , we show the wind for a very active 12-hour period. In all three figures, the mean curve from Figure 2 April 14, 1978 (Figure 11 ), the winds are considerably stronger to the south than on the preceding day, as we might expect because of the greater magnetic activity. However, between 0400 and 0800 UT in the early evening on April 14, the winds are stronger to the north than on the preceding day despite the greater magnetic activity. Thus, we see considerable dayto-day variability in addition to the effects of magnetic activity. An altitude gradient seems to be present in these meridional winds, particularly at night, just as in the averaged data in Figure 3 . During the night, the southward wind increases significantly with altitude. A small phase shift may be present with the lowest altitude responding slightly later. During the day, from roughly 1800 to 0600 UT, the wind at the upper two altitudes often appears stronger to the north than at the Figure A1 indicated that the observed etalon density behavior for a scan in the direction of increasing pressure was a virtual mirror image of the response in the reverse cycle. Therefore, we averaged the two scans together for both pressures and count rates. The etalon temperature was monitored throughout these measurements and these values were used to convert the pressure readings to densities before data analysis.
The algorithm of the data analysis for the 1972 observations was described by Hays and Robie [1971a] . For this method it is necessary to scan over a full free spectral range. Measurements showed that the value of the free spectral range remained constant to 0.5% or less. Hence, the sampling of the emission profile could be made more efficient if the background region composing about 50% of the free spectral range for the 1-cm spacers used was omitted. Accordingly, seven spectral positions were chosen for the sampling of the 6300-,• emission profile over 49% of the free spectral range. In the data analysis described by Hernandez [1982] , where Fourier transforms of the observations are used to process the data, a total of 14 positions in one free spectral range are needed to avoid errors in the temperature determination resulting from the aliasing caused by undersampling [Zipoy, 1979] , and a total of eight positions are required to avoid a similar error in the Doppler position determination. Zipoy [1979] There were two reasons for choosing a total of seven samples across the 49% fraction of the free spectral range used. The first was the increased sampling rate of the spectral profile peak improving the ratio of signal to noise by about 40%. The other was the reduction in the amount of data processing required while providing the information needed to deduce the properties of the Doppler profile. The price we pay lies in the inherent assumption that the source spectral profile is Gaussian.
